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SUMMARY OF ICEASURE~KXNTS IN LANGLEY FmrJ-sc,d~E TUNITEL 

STALLII?? CHARACTZRXSTISS O F  AIRPLL21iJES 

By  Haro ld  H. Swebrg  and Richard C .  Dingeldein 

The r e s u l t s  of measurern?;nts I n  the Langley f u l l - s c a l e  
tunnel of the maximum l i f t  cpef i ' ic ients  and s t a l l i n g  
c h a r a c t e r i s t i c s  of a i rn l anes  have been co l l ec t ed .  The 
da ta  have Seen analyze? t o  show the na ture  of the e f f e c t s  
on m a x i m u m  l i f t  and s t a l l  of w h g  pr;eometry, fuselages 
and nace l le  s, p r o p  l l e r  s l ipstream, surf ace roughne s s , 
and wing leading-edge appendages such as d.ucts, armament, 
t i p  s l a t s ,  and atrsneed-heads.  Comparisons of  f u l l - s c a l e -  
tunnel and f l i g h t  measurements of m a x i m i m  l i f t  and s t a l l  
a r e  included in   SO^ cases x!ir?C the e f f e c t s  of the di.f- 
f e r e n t  t e s t i n p  techniqixs  om the max5mum-lift measure- 
ments a re  also gj.wn. 

The r e s u l t s  jmdlcated t h a t  large improvements i n  
the maximum lift and s t a l l j -nz  c h a r a c t e r i s t i c s  o f  a i r -  
planes can be obtained by ca re fu l  ab ten t ion  t o  d e t a i l  
design,  Surface rocghness, win;-, leakage, and the 
improper l o c a t i o n  of ducts ,  armament, and s l a t s  a t  the 
leading edge of' a wing have been found. t o  cause se r ious  
lo s ses  in  the maximum l i f t  c o e f f i c i e n t  o f  an a i rp l ane .  
Wings having high t ape r  r a t i o s  ,and large amounts o f  
sweepback have been shown t o  he subjec t  t o  poor  s t a l l i n g  
c h a r a c t s r i s t i c s  bscausc t h e y  a re  si lsceptible t o  t i p  
s t a l l f n g ,  The nroper combinations of washout and changes 
i n  camber and wing thickness f ' r o m  r o o t  t o  t i p  with t ape r  
w i l l  u s u a l l y  produce s a t i s f a c t o r y  s t a l l s  on wings subjec t  
t o  t i p  s t a l l i n g .  A comparison of' f u l l - s c d e - t u n n e l  and 
f l i g h t  measurements o f  the maximum l i f t  c o e f f i c i e n t  of 
an a i rn l ane  showed t h a t  s a t i s f a c t o r y  agreement may be 
obtained if the comparison i s  made under s i m i l a r  t e s t  
conditions,  such as 2 e p o l d s  number, s l ips t ream,  and 
time r a t e  of change of ang1.e of  a t t ack .  



2 

INTXCIDUC T ION 

A considerable amount of da t a  have been obtained 
r e l a t i v e  t o  the maximum l i f t  c o e f f i c i e n t s  and the 
s t a l l i n g  c h a r a c t e r i s t i c s  of the m i l l t a r y  a i rp lanes  and 
mock-ups t e s t e d  in the W g l ~ y  ful l -scePB taaLni31, The 
r e s u l t s  o f  these t e s t s ,  which have been reported sepa- 
r a t e l y ,  have been incorporated in  the present  repor t  t o  
f a c i l i t a t e  the use o f  the da ta  by a i rp lane  designers .  

The data include, mainly, l i f t  curves and t u f t  
surveys f o r  each a i rp lane  i n  t i e  service condi t ion and 
as modified i n  various ways i n  a t tempts  t o  improve the 
maximum l i f t  and the s t a l l i n g  c h a r a c t e r i s t i c s .  The 
e f f e c t s  o f  wing geometry, such as taper  and sweep, a r e  
shown with the e f f e c t s  cf propel le r  operat ion,  Reynolds 
numbep, aiid other  c h a r a c t e r i s t i c s  o f  the t e s t i n g  
techniques. The e f f e c t s  on m a x i m u m  l i f t  and s t a l l  of 
adding i r r e g u l a r i t i e s ,  such as nace l les ,  guns, cooling 
ducts ,  and airspeed heads, t o  the wing surfaces  are a l s o  
shown. F l i g h t  observat ions of the s t a l l  were ava i lab le  
for some o f  the a i rp lanes  and have been included i n  the 
discussion with an ana lys i s  of the d i f fe rences  between 
wi.nd-tunnel and f l i g h t  r e s u l t s .  The increments o f  l i f t  
coe f f i c i en t  due t o  s p l i t  and s l o t t e d  f l a p s  as calculated 
from the r e s u l t s  o f  t e s t s  i n  two-dimensional f low are  
compared w i t h  the increments obtained from these f l a p s  
when i n s t a l l e d  on the airplanes.  

R IRE’LANES 

Per t inent  desc r ip t ive -da ta  f o r  the a i rp l anes  tesked 
are  given ir, t ab l e  I and in.  the three-view drawings of 
f igure  1. Photographs of  the a i rp l anes  and mock-ups 
mounted i n  the Langley f u l l t S c a l e  tunnel  are pmseritad as 
f igure 2 ,  Most of  the a i rp lanes  and mock-.ups are  shown 
i n  +,he condi t ion as received a t  the  Laaglzy TtiL,B-Bcal% 
tunnel  (designated scrv ice  condi t ion) ;  a few a re  shown 
in various s tages  of-mbjif icat ibn as-descr ibed in. 
f igu re  2. 

The Lan g l e  :T fuf 1 - s c a l .e, ,Lm e l  -.and ifia--equfpmznk-a- 
described i n  reference I .  
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The s t a l l  was inves t iga t ed  by not ing tbe  behavior 
of numerms wool t u f t s ,  approxllila,tely 3 inches long, 
e t taehed t o  the  upper wing sur faces  of the airpl-anes. 
Violent f l u c t u a t i o n s  2nd r e v e r s a l s  o f  the f low d i r ec t ion  
of the t u f t s  indicated separa t ion  of' the  air f l o w  f r o m  
the wing s m f a c e .  I n  some ins tances  the  t u f t s  were 
at tached,  at various heights  above t h o  wing surfaces ,  t o  
l i g h t  mas t s  i n  o r d e r  t o  ob ta in  a more p o s i t i v e  ind ica t ion  
of sepi't.rEZt5on. The use of rmsts was found t o  be par- 
t i c u l a l r j -  des i r cb le  on wings having low-drag a i r f o i l  
sec t lons  and large mmm.nts of swe'P;I);?ck s.i_nce, i n  these  
cases, the  bomcio,ry-laye~ flow ca,use6 the stzrface t u f t s  
t o  change d i r e c t i o n  arid appear s t a l l e d  befope a c t u a l  
sepa.ration occurred, 

The bchsvior of  the t u f t s  was s tudied  over a range 
of angle of  attteck above and below the anqle of m a X i i U m  
l i f t .  For sever,ol of the a i rp l cnes ,  observo t i n r i s  were 
made w i t h  the  landing f'lz,ps r e t r z c t e d  and. dleflected and 
w i t h  the  propell-ors rcmoved 2nd o p e m t i n ~  a t  vr?ri.ous 
t h r u s t  coefficients I n  each case, f o r c e  measuren?ents 
~ c r e  mads o f  thc vs,rZution of lift v i k h  ,m~l.e of a t t a c k  
t o  su.rpl.,cment visual ~ n i i  plm tographic obaervp,tions of 
the W G O ~  t u f t s .  Tile ongles of ? t t a c k  s'hovn i n  the 
f i z u r e s  m f e r ,  i n  every cr,re, tc ;  the  r.ngle of  the wing 
r o o t  chord l i n e  w i t 2 1  the free-stream d i r e c t i o n ,  

Most of  the measurements were mad-e a t  tunnel air-  
speeds o r  app:?o:;irnately 66 milts ?E:' hour; o. few t e s t s  
wem mzde a t  slightly lower nirepeccis, I n  ordcia t o  
i nd lca t c  the  effec" L of v,-._rLEtlon i n  Reynolds n!mber, 
measurements were made f o r  sone of the  a.iiqpleJICS over 
m npproximats range of ttuu7.el ve loc i ty  from 20 t o  
100 miles per hour, 

( a i r p l a a e  18) a t  r egu la r  i.lztervF,ls while the  aqgle of 
r t t a c k  wr?s beiEg changcc? n t  6 comtq i i t  r z t o  i n  order 
t o  obtn,in c? c o i n p ~ r i s o ~  w - i t h  f l i g h t  mecsurements of 
rtlt3xinw-n lift coe f f i c i eE t .  The rc%e of  ckwnge of angle 
of c t t e c k  per secmd Tor these t w t s  WRS vcried 
between 0.025O md 0.200*. 

, 

Force resdings were t e k m  f o r  one of' the  ?,irpLzncs 

The usuel- wind- tunnel jet+boundmy md. 'blocking 
cor rec t ions  have been a2plied t o  all the data. 

C ONFIDEETIAE 
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RESTJLTS A:ZI DISCUSSION 

The r e s u l t s  of measurements o f  m a x i m u m  l i f t  coef- 
ficferxts and s t a l l i n g  c h a r a c t e r i s t i c s  of 18 a i rp l anes  
t e s t e d  i n  t h e  Langley full-scale tunnel  i r e  summarized i n  
th2 f o l l o v f n g  sec t ions .  In most cases t he  r e s u l t s  are  
giver, f o r  t h e  a i rp l anes  mith landing f l a p s  r e t r a c t e d  
and. vifth landing f l a p s  fully extended. The d a t a  a re  
pouped fn  the  f f r s t  five sec t ions  t o  show the  charac- 
t e r i s t i c  e f f e z t s  on naxirmum l i c t  and s t a l l  of wing 
p o x e t r y ,  fu.selaces m d  m c e l l c s ,  priopeller+ s l ipstream, 
surface roughness and. leakage, and wing leading-edge 
apnendages. TE the f f n a l  sect9ons, comparisons a re  mads 
of the  lncreinents of l i f t  c o s f f i c i e n t  due t o  s p l i t  and 
s l o t t e d  flaps and of wind-tunnel an2 f l i g h t  nieasurements 
07 maximum l i f t  cocfP1ciciit;s of a i r p h n e s .  

Conventional plan Terms.- Stall progressions f o r  
a i r i ) lanes  with ur,twisted wi'ngs of' d i f f e r e n t  taper  r a t i o s  
(aer-nlanee 13, 12, and. 8 )  a re  presented i n  f i g u r e  3 f o r  
laik!lng f l a p s  r e t r a c t e d  uiid f ~ ~ 2 . l ~  i?ef'l.ectcjd. Although 
thcsc da t a  a re  g iven  f o r  complete airplanes w i t h  
f u s e l a p s  and nace l l ee  but p rope l l e r s  rernoved, 
the r e s u l t s  s h o w  t rends  generally cbar;ac t e r i s t i c  of the 
effects of wing t ape r  r a t i o  on t h o  progression of the 
s t a l l  a 

With t he  landing flaps rekaacted ( f i g .  3 ( a ) ) ,  l o c a l  
a reas  o f  separa t ion  appeared ori a i rp l ane  -1-3 (wing taper 
r a t i o ,  b:l.) a t  the wing t r a i l f n g  edge near t he  fuselage 
and behinci o i l -cooler  o u t l e t s  1-ocated j u s t  outboard of 
eash. nace l l e  for r e l a t i v e l y  lovj angler  of a t t ack ;  the  
m a i m  s t a l l ,  however, s t a r t e d  a t  the wing t i p s  and pro- 
gressed inboard with increas ing  apz le  o f  a t t a c k ,  
r e t i c a l  s t u d i e s  ( re ferences  2 t o  L L )  sho%?~ t h a t ,  for p la in  
untvffsted winps of h igh  taper  r a t i o ,  the  sec t ion  lift 
c o e f f i c i e n t s  are h2ghest near t h e  w l ~ i ~  t i p  and tkese  
sec t ions  should the re fo re  be t5.e f i r s t  t o  approach 
m a x i m a m  l i f t .  T i p  s t a l l  is further prec fp i t a t ed  on 
hLZhly tapered wi9gs by the s p n w i s c  v a r i a t i o n  of 
sen,tion Reynolr2s nuaber ( r e fe rence  4) e For a i rp l ane  13, 
t he  Reynolds nmmber of the t i p  s ec t ions  i s  thus about 
om-fourth t h a t  o f  the r o o t  sec t ions  end tkie t i p  sec -  
t ' ions t e n d  t o  s t a l l  -fTrst. 

Theo- 



Owing t o  the l o s s  i n  ai1,sron ei ' fectiveness and 
damping In roll. irsually associated w f t h  wing-tip s ta l l ,  
s eve ra l  methods have been devised for rnovZng the loca t ion  
of the i n i t i a l  s t a l l  inboard. These methods, which 
include washout, c e n t r a l  zharp lead lng  edges, leading- 
edge t i p  s l a t s ,  and Tncreases i n  camber from r o o t  t o  t i p ,  
a r e  discussed i n  d e t a i l  i n  reference 4. A backward 
novement 01' the maximum c a b e r  o f  the wing sec t ions  from 
r o o t  t o  t3-p wil.1 a l s o  gener-ally improve the s t a l l  ( r e f e r -  
ence 5). 

S t a l l i n g  c h a r a c t e r i s t i c s  f o r  an a i rp l ane  with a 
wing of low t ape r  rati.0 ( a i r p l a n e  2 2 ) ,  for which 
h = 1.48, a re  shown i n  f igu re  3(a) .  For  this ai.rplane, 
s t a l l  i n i t i a l l y  occurred a-1; the wing root and progressed 
outboard w i t h  increas ing  ang2.c of  a t t a c k  but  d i d  not  
include the wing t i p s  f o r  th2 range of angle or' a t t a c k  
tes ted .  Unlike h i g h l y  tapered wings, the s e c t i o n  l i f t  
coe . f f ic len ts  a re  h ighes t  a t  the r o o t  for wings with low 
taper  r a t i o .  Eigh sec t ion  lift c o e f f i c i e n t s  a t  the 
r o o t ,  toge ther  w i t h  t he  i n t e r f e rence  e f f e c t  of  the 
fuselage,  should. csuse the s t a l l  t o  occur i n i t i a l l y  a t  
the r o o t  s ec t ions  for a i rp l anes  with wings of low t ape r  
r a t i o .  The Reynolds number e f f e c t  previously discussed 
f o r  the hfghly tapered wing i s  r e l s tTve lg  unimyortant 
f o r  wings of low t ape r  r a k i o .  

Airplane 8 ,  which has a wing with e l l i p t i c a l  chord 
d- i s t r i b u t  i on, e xh i b i t 3 d s "G a 1 1 f n g char::. c t e r 5 s t i c s s ome - 
where between t h o s a  f o r  an a i rp l ane  with a wing o f  h igh  
taoer  r a t i o  and those f o r  an airplane with a wing o f  low 
t aper  r a t i o .  S t a l l  i n i t i a l l g  occurredi a t  tlzc root  s e c t i o n  
but ,  as  the angle  o f  a t t ack  was jncreased, the wing t i p s  
began t o  s t a l l .  Further  increases  fn angle o f  a t t a c k  
caused the  two regioiis of s t a l l  to merge a t  about one- 
t h i r d  o f  the semispan inboard from the wing t i p s .  

Extending the lar,ding f laps  t o  maximum d e f l e c t i o n  
f o r  a i rp l anes  13, 12, and 8 produced the s t a l l  progres- 
s ions shown i n  f igu re  3 ( b ) .  For a l l  three a i rp l anes ,  
f l a p  d e f l e c t i o n  gene ra l ly  tended t o  ' 'clean up" the inboard 
szc t ions  of  the wing. i?o small a reas  of separa t ion  
appeared a t  the Miing t r a i l i n g  edge near  the roo t  
s ec t ion  o f  a i rp lane  13 ax1 the s t a l l .  progressions 
for a i rp l anes  12 and e showed t h a t ,  a t  s imi l a r  angles 
of a t t a c k  belaw the angle o f  maxi,.nun l i f t ,  smaller 

c: 



port ions of' the wtngs o f  these three a i rp lanes  were 
s t a l l e d  w i t h  f l aps  def lec ted  than with f l a p s  r e t r ac t ed .  

A par.ti c u l a r l y  wide s i r a b l e  c ondi ti on near  the 
maximum l i f t  coe f f i c i en t  was exhibi ted ky a i rp lane  8 
w i t h  the landing f l a p s  dePlectGd, A rapid increase i n  
t b  area of separat ion with a chunge of  o n l g  lo f n  angle 
of a t t a c k  was observed and the l i f t  decreased rap id ly  
w i t h  s m a l l  increases  F a  angle o f  a t t a c k  abQva the angle 
cf maximum l i f t  ( f i g .  3(b)j. Pl igh t  observa t iom of 
the stalllng c h a r a c t e r i s t i c s  of this nir2lane with f l a p s  
extended showed a str.ong tendency f o r  the  a i rp l ane  t o  
ground-loop t o  the l e f t  i n  the three-point  attitude, A 
b r i e f  s tudy o f  this condi t lon i n  f l i & t ,  with the a id  of 
t u f t s  a t tached t o  the wing surfaces ,  Indicated t h a t  an 
a s p m e t r i c a l  s t a l l i n g  of the wing occurred a t  the time 
the ground-loopfng tandenzy developed. 

The exact  nature of  the e f f e c t s  o f  f l a p  de f fec t ion  
on the s t a l l i n g  c h a r a c t e r i s t i c s  of airplanes i s  not  w e l l  
def ined,  F l fgh t  obsewat ions  o r  a large nunber o f  a i r -  
planes tes ted  i n  the IJidted S ta tes  and i n  England ( r e f e r -  
ences 5 and 6 )  have in6icated t h a t  flap def l ec t ion  
e i t h e r  improved o r  aggravated the stall .  i n  about an equal 
number o f  cases .  F l ap  de f l ec t ion  genera l ly  tends t o  
aggravhte the stall b;. inti-easing th3 upwash over the 
outer  unflapped p a r t s  o f  the wfng and by cleaning up 
the area of separat ion &t t h e  r o o t ,  On the other  hand, 
the hanGliiig c h a r a c t e r i s t i c s  o f  an airplane i n  flight 
near  the s t a l l  may be improved by flap t ief leet ion i f  
the f l a p  wake envelops the t a i l  a t  angles o f  a t t a c k  
near  the s t a l l  and t'n?;ts produces 8 s t a l l  warning e i t h e r  
b y  t a i l  buffeting or  bv a rapid change i n  t r i m  due t o  
the l o s s  i n  t a i l  e f f ec t iveness ,  

S t a l l  prosressions f o r  tl2ree typical present-day 
pursuf t a i rp l anes  having twis tecl wings of low-drag 
a i r f o i l  sec t ions  ( a i rp l anes  1, 2, and 3 )  are  shown in 
f igu re  4. 
these three  a i rp lanes  are near ly  the same. ( S e e  
t ab l e  I f o r  wi1?,G d e t a i l s . )  The s t a l l s  a r e  s t r i k i n g l y  
similw; separat ion begins, i n  e i c h  case,  a t  the wfng- 
fuselage juncture m d  progresses outboard along the 
rearward port ion of the wing w i t h  i r icreasing angle of 
a t t ack .  The s ta i l . ing  cha rac t e r f s t f c s  o f  these air- 
planes, a s  i n t e r p r e t e d  f rom the t u f t  observations,  are 
probably good. Although airplane 3 shows a rapid l o s s  
i n  lilt a f t e r  the s t a l i ,  no ser ious t rouble  should be 

The taper  :*at20 and iivashoirt of tfie wings of 



encountered by the p i l o t  Inasmu-ch as the root-sect ion 
s t a l l  should pr0vie.e adequate warnirzg of the approach 
of c 

LmAx * .- The e f f e c t  o f  sweepba 
s t a l l  i l l u s t r a t e d  i n  f igure  5 
observations f o r  a i rp lanes  9 and 10, Accordi 
tx.ft observat lons,  these a i rp l anes  should have poor  
s t a l l i n g  c h a r a c t e r i s t i c s .  The cont ro l  surfaces  of 
airplane 9 are  s t a l l e d  a t  an engle of  a t t a c k  wel l  below 
t h a t  for ' C T  . For airplane 10, the i n i t i a l  s t a l l  

occurred. a t  the wing t i n s  a;id the area o f  separat ion 
syread r ap id ly  inboard along the wing t r a i l i n g  edge 
w i t h  increas ing  angle of a t t a c k ,  Siz both cases ,  the 
a i r  flow o v o r  the upper wing sv-rfaccs near the t r a i l i n g  
edge, p r i o r  t o  s t a l l i n $ ,  was toward the wir,g t i p s .  

swept-back wing i s  p r i a a r i l y  Cepemdent on the spanwise 
flow o f  the boundary layer  on the sv-ction surface 
(reference 7 ) .  On a swept-back wing, the surface 
pressure gradients  sweep the slower inoving a L r  of 
the boulncizry layer  toward the ti;?. The th icker  boundary 
lager  near the t i p  tends t o  s t a l l  the wing f i r s t  i n  
t h a t  region,  Inasauch as tha t r a i l i n g  edge o f  the 
wing o f  a i rplane 13 kas a g rea t e r  xo.ount of sweepback 
than that  of ui rp la lze  9 ,  the surface pressure gradients  
between chordwise sect ions ~ Q E P  the t r a i l i n g  edge o f  
t'ne w,bg of sirplane 10 arp, s t ronger  than the pr'essure 
gradients  on airplane 9.  Tl?e f l o w  toward tho wing t i p  
and. the wing t i p  s t a l l  should therefore  be more pro-  
nounced on ai-rplane 10  than on  a i rp lane  9 and. f igure  'J 
shows that such i s  the case. 

%ax 

The spanwlse 1cca.tion o f  the I n i t f s l  s t a l l  on a 

Puselages and Eacel les  

The addi t ion  oI' a fuselage and nace l les  t o  a Jjvlng 
f requent ly  introduces centem o f  l o c a l  separat ion t h a t  
mag reduce the maximum l i f t  of the a i rp lane  b u t  w i l l  
u sza l ly  improve the handling c h a r a c t e r i s t i c s  o f  the 
a i rp lane  near the s t a l l .  '@mn the f low separa tes  f r o m  
the inner  sec t ions  o f  the winz, the downwash a t  the 
t a i l  i s  reduced and a nose-down p i tch ing  moment resu l t s ,  
which tends t o  ciecrezse the BTE;BS of s ey i r a t ion .  Further- 
more, the wakes frox the wing-fu.sel.age juncture and the 



nacell-es may cause a s t a l l  warning by reducing the 
e f fec t iveness  OS the t a i l  o r  by producing t a i l  buffet ing.  

The e f f e c t s  of  fuselages and nace l les  on the maxi- 
mum lift and s t a l l i n g  c h a r a c t e r i s t i c s  of' two models of 
four-engine a i rp lanes  ( a i rp l anes  13 and 14) are shown 
i n  f igu res  6 and 7. Figure 6 shows llf't curves and 
s t a l l  progressions f o r  a i rp lane  13 with the landing 
f l aps  r e t r a c t e d  and cleflected 60.8~ f o r  the wing alone, 
f o r  the afrplane w i t h  outboard nace l l e s  o f f ,  and f o r  
the complete a i rp lane .  Yith the landing f l aps  r e t r a c t e d  
( f i g .  6(a)), the s t a l l  progression f o r  the wlng alone 
was c h a r a c t e r i s t i c  of a highly tapered untwisted wing. 
The additi-on of  t h e  fuselage agd two inboard nace l les  
caused l o c a l  areas of  separation t o  appear a t  the 
t r a i l i n g  edge of t'ne wing adjacent t o  the fuselage 
and Sehind t'ne nace l les  and o i l -cooler  o u t l e t s  p r i o r  
t o  the main s t a l l ,  which started a t  the wing t i p s .  
When the outboard nace l l e s  were added t o  the model, 
addi t iona l  s t a l l e d  areas, which were p a r t i c u l a r l y  
not iceable  behind the o i l -cooler  o u t l e t s ,  appeared a t  
the lower angles of a t t a c k .  
genera l ly  cleaned up the h b o a r d  sect ions of  the wing. 
A s  f o r  the case wit'n the f l aps  retracted, the addi t ion  
of the outboard nace l les  with the Landing f l aps  
def lec ted  60.8~ reduced the C b m  of' the airplane and 
caused premature a reas  o f  separat ion behind the o i l -  
cooler ou t l e t s  near the oiltboard nace l l e s ,  Tuft  
observat ions o f  a i rp lane  1 3  i n  f l igh t  (unpublished) 
showed stall pa t t e rns  very similar t o  those observed 
i n  the wind tunnel.  The oower-off s ta l ls ,  as observed 
by  the p i l o t ,  were character lzed by  a r e l a t i v e l y  slow 
r o l l - o f f  znd small angles o f  roll. Adequate s t a l l  
warning was given by a decrease i n  the e f fec t iveness  
o f  the e l eva to r s  and rudder and by a r e l a t i v e l y  large 
change i n  the required control  movement. The s t a l l  
pa t t e rns  were p r a c t i c a l l y  the same with the landing 
f l a p s  up o r  down and w i t h  the landing gear  up o r  down. 

S t a l l  progressions and l i f t  curves for a model of  
a large f l y i n g  boa t  (a i rp lane  14) are  shown i n  fig- 
urns 7(a) and 7 ( b )  f o r  landing flaps r e t r a c t e d  and 
def lec ted  55", respect ively.  For the wing tilone with 
f l aps  r e t r ac t ed ,  s t a l l  i n i t i a l l y  occurred a t  the center  
sec t ion ,  The area 01' separat lon spread outboard along 
the f l a p s  w i t h  increasing angle of a t t ack  and merged 
with t h e  t 9 p  s t a l l ,  which s t a r t e d  a f t e r  the maximwn 
l i f t  coe f f i c i en t  had been reached. Although t h i s  wing 

Flap de f l ec t ion  ( f i g ,  6 ( b ) )  
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would be expected. t o  stall.  f i rs t  a t  the t i p s  because 
of i t s  hfgh t a p e r  r a t i o  (h  = 3.351, root  s t a l l  occurred 
f i rs t ,  probably because the t h i c k  NACA 23O2!4 a i r f o i l  
sec t fon  a t  the roo t  has  a l o w e r  maximum sec t ion  l i f t  
c o e f f i c t e n t  than the  KACA 23009 sec t ion  a t  the t i p  a t  
the t e s t  Reynolds number. Addition of‘ the fuselage t o  
the wing belayed the s t a l l  aboirt 2 O  and Increased the 
maxirnlnm l i f t  c o e f f i c i e n t  about 0.10. W t h  fom? nace l l e s  
added t o  the wing, l o c a l  z reas  of separa t ion  occurred 
d i r e c t l y  behind the nace l l e s  a t  relatively low angles 
o f  a t t ack .  The maximum lift c o e f f i c i e n t  of the model 
with the nacell-es on, however, was a5out cl.06 higher  
than with the nace l l e s  removed a d  i.s a t t r i b u t e d  t o  
the Increased e f f e c t i v e  wing a r e a  due t o  the  nace l les .  

Deflect ing thq landing fltips 55’ f o r  the wing- 
alone ccmC?itio,n, ( f i g .  7 ( b )  f resu.2tsd i n  e s s e n t i a l l y  
the same s t a l l  pattarria us observed with the f l a p s  
r e t r ac t ed ,  except t h a t  the s t a l l e d  a reas  over the 
unflapped por t ions  of‘ the wing were s l f g h t l y  l a r g e r  
f o r  corresponding angles  o f  a t t a c k  owing t o  the 
induced upwash over  those  s ec t ions .  For the complete 
a i rp lane ,  d e f l e c t i n g  the f l a p s  55* removed the l o c a l  
sireas of separa t ion  behind the nace l l e s  t h a t  were 
obssrved with the flaps r e t r a c t e d  arid a l s o  increased 
the a r e a  of sepzra t ion  s e a r  the wing t i p s .  Ho .data 
were avail.abls for the a-trplane with nace l l e s  removed 
and f l a p s  def lec ted .  

P rope l l e r  Sl ipstream 

The la rge  changes i n  ths  s ta l l i rzg  c h a r a c t e r i s t i c s  
of a i rp l anes  t h a t  r e s u l t  from -9ropcller operat ion a r e  
u s u a l l y  a t t r i b u t e d  t o  the separa te  e f f e c t s  of the 
increased a x i a l  v e l o c i t y  wi th in  the nlipstrearn and of 
the Ylfps t ream r o t a t i o n .  The increased v e l o c i t y  wi th in  
the s l ips t ream tends t o  c lean  up the inboard sec t ions  
o f  the wings bP increas ing  the l o c a l  Reynolds number 
and thus tielaying s e p r a t i o n  n1or;g the sec t ions  i l i r e c t l y  
behind the propel le r .  The r o t a t i o x  wi th in  the s l ips t ream 
increases  the e f f e c t f v e  angle or“ a t t a c k  o f  the wing 
sec t ion  behind the upgoing p rope l l e r  blades and decreases 
the e f f e c t i v e  angle of‘ a t t a c k  of  the wing sec t ion  behind 
the downgoing p rope l l e r  bla.dss. Rii a sy tmet r ica l  s t a l l  
p a t t e r n  is thus produced. In a d d i t i o  t o  these e f f e c t s ,  
the downwzsh behind an fnc l fned  propeXler tends t o  reduce 



the  e f f e c t i v e  aneles  of a t tack  o f  the  sec t ions  behind the 
propel ler  and thereby delays the occurrence of s t a l l .  

The e f f e c t s  of propel ler  operat ion on the  s t a l l i n g  
c h a r a c t e r i s t i c s  of a i rp lane  6 are  shown In  f igu re  8 .  
Vith  the propel.ler removed, the s t a l l  progression with 
angle of a t t ack  was f a i r l y  s imilar  f o r  both wings; with 
t h e  propel ler  operat ing a t  a t h r u s t  coe f f i c i en t  
of G ,  however, the wing sec t ion  behind the upgoing 
propel ler  blades s t a l l e d  a t  a considerably lower angle 
of a t tack  than the wing sec t ion  behind the  downgoing 
propel ler  blades.  Increasing T c  t o  0,2 decreased 
the  asymmetry of the s t a l l  t h a t  was measured a t  Tc = 0, 
owing t o  the  f a c t  t h a t  the fncreased s l ips t ream ve loc i ty  
had a g rea t e r  e f f e c t  than the increased s l ipstream 
r o t a t  i on.. 

T, 

F l igh t  measurements of the  s t a l l i n g  c h a r a c t e r i s t i c s  
showed t h a t  airpl-ane 6 developed a ser ious lef t -wing 
dropping tendency during power-on landings.  I n  order t o  
check these r e s u l t s ,  measurements were made of the va r i -  
a t i o n  of rolling-momeht coe f f i c i en t  with angle of a t t ack  
of the  a i rp lane  with the  propel ler  removed and operat ing.  
The r e s u l t s  of these measurements a re  given i n  f igu re  9.  
Vith the  propel le r  removed, the  rolling-moment coe f f i -  
c i e n t  of the a i rp lane  was e s s e n t i a l l y  independent o f  
angle of  a t t ack ;  wfth the  propel ler  operatfng a t  
T, = 0.2, however, the  rol l in~-moment  coe f f i c i en t  
changed s l o w l y  f r o m  -0.008 at 
a = l7,Oo (angle of maxiniuii l i f t ) .  Above a = 17.0° 
a sharp increase i n  rolling-moment coef'fzcient, which 
would be s u f f f c i e n t  t o  cause scr fous  r o l l i n g  i n s t a b i l i t y  
during power-on landings,  occurred. 

a = 80 t o  -0.024 a t  

I n  an attempt t o  improve the  power-on s t a l l i n g  
c h a r a c t e r i s t i c s  of a i rp lane  6, a sharp leading edge was 
i n s t a l l e d  on the r i g h t  wing a s  shown i n  f lgu re  10. The 
r e s u l t s  of t u f t  observat ions and lift and rollfng- 
moment measurements made with the sharp leading edge 
i n s t a l l e d  on the  wing a r e  a l s o  shown i n  f lgu re  10. In 
general ,  the  sharp leading edge should considerably 
impove the  s t a l l i n g  c h a r a c t e r i s t i c s  of the  a i rp l ane ,  
inasmuch as  the asymmetry o f  the  s t a l l  p a t t e r n  a t  high 
angles of a t t a c k  was decreased and the  la rge  v a r i a t i o n  
o f  rolling-moment coef f fc ien t  with angle of a t t a c k  was 
el iminated.  The maximum l i f t  c o e f f i c i e n t  of t h e  
a i rp lane ,  however, w a s  reduced f r o ~ i  2.30 t o  1.88 by 
the  sharp leading edge. 



The e f f e c t s  of' t propel le r  s 
maximum-lift and s t a l  ng character  
with the f l a p s  r e t r a c t e d  a re  shown i n  f igu re  11. W i t h  
the propel le r  i d l ing ,  l i t t l e  d i f fe rence  i n  t 
gression of the s t a l l  on the r f g h t  a 
noted.  A t  T, = 0.013, howe 
of the wing was s t a l l e d  on th  
propel le r  blades than on the s ide  o f  the downgoing 
propel le r  blades f o r  equal  angles  o f  a t t a c k .  The maxi- 
mum l i f t  coe f f i c i en t  was abou2; (3.05 higher  with the 
propel le r  operat ing a t  Tc = 0,013 khan with the 
propel le r  i d l ing .  

S t a l l  progressions for two four-engine monoplane 
models ( a i rp l anes  13 and 14) w d t h  p rope l l e r s  operat ing 
a re  shown i n  f igu res  12 and 13. The e f f e c t s  of  the 
propel le r  s l ipstream on the s t a l l i n g  c h a r a c t e r i s t i c s  of 
a i rp lane  13 may be obtained Sy comyaring f igu res  6 
and 12. Propel ler  operat ion ( T c  z 0.30) cleaned up the 
a reas  of' separat ion behind the nace l l e s  s o  t h a t  the 
outboard wing sec t ions  were s t a l l e d  a t  C whereas 

the inboard wing sec t ions  were uns ta l led .  This condi- 
t i o n  !nay r e s u l t  i n  handl ing d i f f i c u l t i e s  near  the s t a l l  
owing t o  a probable loss i n  a i l e r o n  ef fec t iveness  and 
damping in roll. Fl igh t  t e s t s  of a i rp lane  13 with 
power on and f l a p s  r e t r a c t e d ,  however, r e su l t ed  i n  
s t a l l s  character ized by 2 r e l a t i v e l y  s low r o l l - o f f  and 
small angle o f  roll.  he develogment of the r o l l i n g  
i n s t a b i l i t y  w a s  gradual  and the roll could be stopped 
immediately by a reduct ion i n  angle of a t t ack .  These 
s t a l l i n g  c h a r a c t e r i s t i c s ,  as measured i n  f l igh t ,  can 
probably be explained by reference t o  f igu re  12 which 
shows that ,  f o r  a l l  angles of  a t t ack ,  the s t a l l e d  a reas  
on the  r i g h t  and l e f t  wing surfaces  a re  very nea r ly  
equal;  the development of any r o l l i n g  motion would 
therefore  be gradual. 

The e f f e c t s  of the p rope l l e r  s l ipstream on the 
maximum l i f t  and s t a l l i n g  c h a r a c t e r f s t i c s  o f  a i rp lane  14 
w i t h  landing f l a p s  r e t r a c t e d  and def lec ted  55' a re  shown 
i n  f igure  13. Comparison of f i g m e  13 w i t h  f igure 7, 
which gives  s t a l l  nrogressions f o r  a i rp lane  14. w i t h  
the propel le r  removed, i n d i c a t e s  t h a t  i n  th i s  case 
the s t a l l  progressions were no t  a l t e r e d  appreciably 
a t  the low values o f  T, ( T c  - - 0.03 
and Tc = 0.09 with f l a p s  d e f l e c t e d ) ,  al though the 
aaxirnum l i f t  c o e f f i c i e n t s  were increased f rom 1.32 t o  1.38 

Lrnax 

with f l a p s  r e t r a c t e d  



w i t h  f l a p s  r e t r ac t ed  and frorn 2.08 t o  2.17 with f l a p s  
def lec ted .  Increasing the t h r u s t  coe f f i c i en t s  t o  0.13 
with flaps r e t r ac t ed  and t o  O,l5 with f l a p s  def lec ted  
decreased the percentage of  the wing area behind the 
propel le r  t h a t  was s t a l l e d  a t  the Lower t h r u s t  coef f i -  
c i e n t s  and fu r the r  increased the maximum l i f t  coef 
c i e n t s  t o  1.53 with f l a p s  r e t r ac t ed  and t o  2.28 with f l aps  
def lected.  

:Iring Surf ace Roughne s s and Leakage 

Because of increased armament requirements, wings  
of' present-day m i l i t a r y  a i rpkmes  n u s t  be equipped with 
numerous access  d o o r s ,  inspectfon p l a t e s ,  gun p o r t s ,  
amrnunitlon-e jec t ion  slots, and many other  items t h a t  
tend t o  make the wings extremely rou& and t o  allow a i r  
leakage through the wings. In severa l  cases i t  has been 
fourid that the 
r e l a t i v e l y  slnilole modifications o f  the wings. In orde r  
t o  show the extent  t o  vi-hich wing roughness and air 
leakage affect the rclexlmum lift coe f f t c i en t  of an a i r -  
p l m e ,  data  are presented i n  figures I4 t o  16  f o r  three 
present-day m i l i t c r y  a i rp lanes  ( a i rp l anes  6, 5, and 1)- 
Ti?@ data Include lift moasurements with the wings i n  the 
service condi t ion and with the wings f a i r e d  and sealed 
i n  a t tempts  t o  increase the maximum l i f t  coe f f i c i en t s  o f  
these a i rp lanes .  

may be increased apprecfably by 
'%ax 

The nmxl~urn lift coe f f i c i en t s  obtained for a i r -  
plane 6 w J f t h  %he wing i n  service condftion and w i t h  
the wing completely f'afred and sealed are compared 2n 
f igure  14. A s  siiovm by the photographs .included i n  
f igure  14, t h e  service wing bas an except ional ly  la rge  
number of cover p l a t e s ,  access &OOPS, and construct ion 
i r r e g u l a r i t i e s .  In  addi t ion,  a rough walkway pro jec ts  
more t'nan l/8 inch from the wing surface and the wing 
f o l d  lSne leaves a la rge  gap i n  the wing. The maximum 
l i f t  coe f f i c i en t  was only 1.17 f o r  t h i s  a i rp lane  with 
the wing f n  the service condition. When the wing was 
f a i r s d  am4 sealed by masking tape,  as shown i n  f i g -  
ure ~ h - ,  the C- w a s  increased t o  1.26. The tape 

ssals ellminatecl leakage through the wing; nevertheless ,  
t > ? e  whg was n o t  smooth and the 
r e l a t i v e l y  low. 

%ax 

remai ne d ' h a x  



The e f f e c t s  of surface roughness on the m a x i m m u  
lift c o e f f i c i e n t  of a i rp lane  5 a re  'shown i n  f igure  15. 
A f i l l e t  w a s  i i i s t a l l ed  a %  the wing-fuselage juncture 
o f  t h i s  a i rp lane  t o  e l iminate  the sharp break along the 
juncture ,  but  the increa  
Sealing the wing access  
increased the CbaX by 0.06.  It i s  noted t h a t  the 
va r i a t ion  of  a i r f o i l  s ec t ion  froni the r o o t  t o  the t i p  
o f  the wing o f  th i s  a i rplane i s  nea r ly  s imi l a r  t o  t h a t  
o f  a i rp lane  6 ;  the maximum l i f t  coe f f i c i en t s  obtained f o r  
a i rp lane  5 i n  the serv ice  condi t ion and w i t h  the wing 
f a i r ed  and sealed,  however, are  about 0.10 higher  than 
the corresponding c o e f f i c i e n t s  f o r  a i rplane 6 .  T h i s  
d i f ference i s  a t t r i b u t e d  c h i e f l y  t o  the f a c t  that the 
wing of a i rp lane  5 was aerodynamically t tcleanerf '  than 
the wing of  a i rp lane  6 .  

S t a l l  progressions,  i n  ad? i t i on  t o  l i f t - c o e f f i c i e n t  
data ,  a re  given i n  r"l.gure 16 t o  show the e f f e c t s  of 
surface roughness on airplane 1, which has a low-drag 
wing, The wing of  t h i s  a i rp lane  i s  except ional ly  c lean 
aerodynamically inasmuch a s  the few 8ccess doors  and 
cover p l a t e s  a re  s e t  smoothly i n t o  the wing with no 
apparent breaks i n  the wing contour. The maximum l i f t  
coe f f i c i en t  o f  1.u.b for the f a i r e d  and sealed condi t ion 
and of  1.40 f o r  t'no service wing are  higher  than those 
obtained f o r  a i rp l anes  5 and 6. The s t a l l  pa t t e rns  
show that the s t a l l e d  a reas  o f  the f a i r e d  and sealed 
wing were always s l i g h t l y  l e s s ,  a t  corresponding angles 
o f  a t tack ,  than the s t a l l e d  areas of the servzce wing. 

Wing Leading-Edge Appendages 

Armament.- The r e s u l t s  of' an inves t iga t ion  t o  
determine the e f f e c t s  on m a x i m u m  l i f t  coe f f i c i en t  of 
various machine-gun and cannon i n s t a l l a t i o n s  on the 
wing of a i rp lane  11 are  given i n  reference 8. The 
rssuxts  o f  these t e s t s  a re  summarized i n  f igu res  17 
and 18. The C h a x  of 2.00 f o r  the a i rp lane  with 

bare wings and landing f l a p s  def lec ted  w a s  used as  a 
reference value for est imat ing the e f f e c t s  of  the 
various machine un and canaon i n s t a l l a t i o n s .  

was measured 
%ax The smallest  redvet ion i n  C 

w i t h  the machine guns rnow-ted i n  the f l u s h  pos i t ion  



( f i g .  17 ) .  The C T  with fou r  f l u s h  guns mounted 
i n  the high pos i t i on  ( f i g .  19) was only s l i g h t l y  lower 
than the reference value,  whereas the 
decreased 0.06 below the reference value with the f l u s h  

.gums bn the low pos t t i on  ( f i g .  20) .  The lowest Value 
of C b u a x  (1.86) was neasured with the 2-inch b a r r e l  
extansidf ( f i g ,  21) .  The combination o f  10-inch b a r r e l  
extension and low flush-gun mounting f a i r i n g s  and 

by 0.09. breech f a i r i n g s  ( f i g .  22)  decreassd the 

-%ax 

was %ax 

Cl;ma* 
With these f a i r i n g s  removed, the C .  was reduced 

4Ila.X 
0.13 below the reference value. The Cbax was 1.91 
w i t h  the 18-inch b a r r e l  extension ( f i g .  2 3 ) .  It i s  
possible  t h a t ,  with +,he 18-inch extension,  the  d i s -  
turbances caused by ?he ends o f  the gun. b a r r e l s  passed 
ove r  the w i n y  and r e su l t ed  i n  a smaller loss or" C 

than with the 2-Lnch and 10-inch extensions.  
Lmax 

Tb ree 2 0-ni 11 i:x t e  T - cannon i n s  5, h 1. l a  t i on s we r.e 
t e s t ed  on aiml-ane 12. and included khe underslung wing 
canvlon shown as i n s t a l l a t i o n  1 ( f i g ,  2h.), a modif icat ion 
designated cannon i n s t a l l a t i o n  2, arid the compl-etely 
subinsrged fns t a i l a t i -on  ( f ig .  2 5 )  The r e s u l t s  of' these 

was measured f o r  the submerged i n s t a l l a t i o n .  The m a x i -  
rilwn lift coe f f i c i en t  was 1.91 201. unclers1mz.g i n s t a l l a -  
t i o n  1. I n s t a l l a t i o n  1 was then modified t o  i n s t a l l a -  
t i o n  2 by decreasing the width of the sec t ion  near the 
leading edge of t'ne wing and thereby reducing the abrupt 
pressure change a t  the f r o n t  of  the cannon f a i r i n g .  The 
maximum l i f t  coe f f i c i en t  was l ,95  f o r  cannon installa- 
t i o n  2. 

t e s t s  ( f i g ,  ld) show tha t  the h ighes t  '%ax (1.96) 

The e f f e c t  o f  i n s t a l l i n g  a 37-millimeter-cannon 
mock-u.p a t  thc? leading edge o f  each winz of a i rplane 4.) 
which has low-drag a i r f o i l  sec t ions ,  f s  shown i n  fig- 
ure 26. 0bserv;itions were made mitin the t u f t s  on only 
the l e f t  wing. The r e s u l t s  of  these t e s t s  3hotved t h a t  
the carwon i n s t a l l a t i o n  cawed preaature  wing s t a l l  which 
r e su l t ed  fn a reduct ion of  0.13 en C 

zbout 3' in the angle o f  maximum l i f t .  
e f f e c t s  of  mounting a cannon on a wing may be reduced 
by i n s t a l l i n g  a f a i r i n g  a t  the wing-cannon juncture t o  
i n s w e  smooth a i r  f low over the wing sec t ion  d i r e c t l y  
behind the cannon. 

and of 
Ln;_ax 

The adverse 



Two mqck-ups of 2C-rnil.lSmeter cannon were t e s t e d  
gs o f  airpl.anes 5, 6, and 1 t o  determine the 

e f f e c t s  on CT tne r e s u l t s  of‘ the k e s t s  and 
sketches showing t’ne cannon i n s t a l l a t i o n s  are  given 
i n  f$gure 27. The l a r g e s t  reduct ion In 
the canaon i n s t a l l a t i o n s  w a 3  measured f o r  a i r  
which had no f a i r i n g  a t  the wing-cannon juncture .  For 
th i s  case,  
wing with f l a p s  d.eflocted t o  1.71 for the wing w i t h  the 
f o u r  cannon mock-ups i n s t a l l e d .  The cannon i n s t a l l a t i o n  
on a i rp lane  1, which has a low-drag wing, caused a 
reduct ion of only 0.02 i n  C b a x .  The sketches i n  

f igure  27 show c l e a r l y  tha t  the cannons were f a i r e d  
smoothly i n t o  the wing o f  t h f s  aerplane s o  t h a t  no 
abrupt changes occurraed a t  the wing-cannon juncture .  

%ax 

was reduced from 1.17 for the bare cLmax 

The e f f e c t  on the C T  o f  wing gun por t s  on %ax 
a i rp lane  1 ( f i g .  2 8 )  i s  given i n  f tgure  29. Seal ing 
the gun por t s  with alimiinwn  cove^ p l a t e s  ( f i g .  2 8 ( a ) )  
increased the C L ~ , . ~ ~  o f  the a i rp lane  f rom 1.23 t o  1.39. 
1: --Inch hole w a s  drilled i n  the cover p l a t e s  t o  allow 

f o r  f i r i n g  the machine guns and. the  r e s u l t m t  maximum 
l i f t  coe f f i c i en t  was 0.09 higher  than with the gun 
p o r t s  open. 

3 
4 

Leading-edge t i p  s l a t s . -  The i n s t a l l a t i o n  of 
leading-edge ti .p s l a t s  on a wLng provTdes a method f o r  
improving the a i r  flow over the outer  wing sec t ions  of 
a i rp lanes  subject  t o  t i p  s t a l l .  The leading-edge s la t s ,  
however, are  e f f e c t i v e  only  -if they increase thz s t a l l i n g  
angle of  a t t ack  of the t i p  sec t ions  o f  the wing t o  a 
higher value than t’nat o f  the r o o t  s ec t ions ,  Special  
care shoul-d be taken i n  the d e t a i l  design of wing t i p  
s la t s  iiiasrnuch as  sevepal cases  have been noted i n  
which t h e f r  i n s t a l l a t i o n  has r e su l t ed  i n  adverse e f f e c t s  
on the afr f l o w  ovur the wi.ng sec t ions  behind the s l a t s .  
On afrplanc 7, for example, extending the o r i g i n a l  
leading-edge s l a t s  resu l ted  i n  premature s t a l l i n g  of 
the wing d i r e c t l y  bshind ths s l a t s  ( f i g . .  3 0 ) .  As  
o r i g i n a l l y  t e s t ed ,  the construct ion of  the s l a t  t r a i l i n g  
edge on tbis a i rp lane  required 8 depression i n  the wing 
t o  maintain the d e s i r e d  wlng-section contour when the  
Slat  was r e t r a c t e d .  ( S a 3  rig. 50.) In addi t ion,  the  



s l o t  c n t r g  w a s  o f  poor aerodparnfc design, so  t h a t  the 
a f r  flow w a s  no t  smooth, even a t  the s l o t  en t ry .  In 
order to improve the s t a l l i n g  c h a r a c t e r i s t i c s  of this  
a i rp lane  with the slat extecded, the depression i n  the 
wing i n t o  which the s l a t  t r a i l i n g  edge r e t r a c t e d  w a s  
e l iminated by f a i r i n g  I n t o  the wing contour and the 
s l a t  was rnoved t o  a h igher  p o s i t i o n  as shown i n  f i g -  
ure 30. With the modified s l a t  extended, a s u b s t a n t i a l  
improvement i n  the a i r  f low over the wing w a s  observed, 
e s p e c i a l l y  9x1 the region or” the a i l e r o n s ;  the m a x i m u m  
lift c o e f f i c i e n t ,  however, was not  m a t e r i a l l y  a f f e c t e d  
( f ig .  3 0 ) .  Resul ts  of  aileron-erf’ectiveness t e s t s  
( f i g .  31) showed t h a t  the modiffed s l a t  i n s t a l l a t i o n  
increased the s lopes of‘ the curves o f  rolling-moment 
c o e f f i c i e n t  aga ins t  a i l e r o n  d e f l e c t i o n  a t  h igh  angles 
of a t t a c k  over that  measured for the  o r i g i n a l  s l a t  
i n s  t a l l  a t  i on. 

Tests  o f  a i rp l ane  3 showed that a condi t ion  o f  
l ong i tud ina l  i n s t a b i l i t g  ex i s t ed  a t  high l i f t  coe f f i -  
c i e n t s  e i t h e r  with the o r i g i n a l  f ixed  s la t s  a t tached  t o  
the a i rp lane  o r  w 3 - W  the slats removed. In an attempt 
to improve ?re long i tud ina l  s t a b f l f t y  o f  the a i rp lane  
a t  h igh  l f f t  c o e f f i c i e n t s ,  the or ig l r r s l  s l a t  was r a i s e d  
s l i g h t l y  and noved c l o s e r  t o  the wing 1eadinG edge t o  
permit smoother air flow a t  the s l o t  en t ry .  Further  t e s t s  
were made i n  which the o r i g i n a l  s l a t  span w a s  increased 
from 20 t o  36.6 percent  of the wf~xg span w i t h  the s l a t  
i n  the modified pos i t ion .  Stall progressions w i t h  the 
o r i g i n a l  s la t s ,  with the s l a t s  in the  modified pos i t ion ,  
and w i t h  tne extended s l a t s  a re  given In f igu re  32 with 
sketches o f  the o r i g i n a l  and modfffed s l a t s .  S t a l l  
progressions f o r  the a i rp lane  x i th  the s l a t s  removed 
am? given i n  f igure  5 .  The r e s u l t s  o f  the s t a l l  s t u d i e s  
show t h a t  each s l a t  modif icat ion success ive ly  improved 
the a i r  flow over the o u t e r  s ec t ions  of the wing. 

a t l o n  of C, w i t h  CL and on Yne C of  a i rp l ane  9 
are shown i n  f igu re  3 3 .  The extended s l a t s  i n  the 
modified pos i t i on  el iminated the long i tud ina l  i n s t a -  
b i l i t y  xiear t he  s t a l l  and i n  add i t ion  increased the 
maxfmuz l i f t  c o e f f i c i e n t  t o  1.26 from 1.15 f o r  the 
a i rp l ane  with the s l a t s  removed. Although the  t e s t s  
w i t h  the o r i g i n a l  s l a t s  i n  the modified p o s i t i o n  were 
made a t  a s l i g h t l y  h2gher tunnel speed, i t  is f a i r l y  
evi_dent t h a t  t h i s  s l a t  i n s t a l l a t i o n  decreased the 

The e f f e c t s  of  the s l a t  modif icat lons on the var i -  

%ax 



longi tudina l  i n s t a b i l i t y  a t  high l i f t  c o e f f i c i e n t s  and 
a l so  increased the maximum l i f t  coe f f i c i en t  of the 
a i rp lane  

Wfn ducts  .- Considerable d i f f i c u l t y  i s  usua l ly  

wing-duct i n l e t s  owing t o  the c r i t i c a l  nature  o f  the 
flow a t  the leading edge of a wing, In  general ,  i f  the 
i n l e t  i s  placed t o o  high on  the wing 1ead.ing edge, the 
i n t e r n a l  f low separates  from the  lower l i p  of the cluck 
i n l e t  a t  moderate zrnglee, of' a t t a c k  whereas the ex te rna l  
f l o w  separates  over the um1cler l i p  o f  the duct i n l e t  a t  
high angles o f  a t t a c k  and thereby induces a premature 
s t a l l  and a l o w  value of  C 

encountere __45a__r_ i n  the design o f  the shape and loca t ion  of 

, If the inlet ,  i s  placed 
h a x  

t o o  106, the ex te rna l  f low s e p r a t e s  a t  low angles of 
a t t a c k  f rom the upper l i p  j u s t  w i t h i r !  the i n l e t  and thus 
causes ser ious  losses of t o t a l  pressure.  

A s tudy of severa l  Cucts lenstalled i n  the wings of 
a fu l l - s ca l e  mock-up of a conventfonal slngle-engine 
p r s u 4 t  a i rp lane  (a i rp lane  16) was made In  the Lsllgley full- 
scale  tunnel  t o  determine the inf luence o f  i n l e t  design 
on the pressure losses  within the duct  and on the aero- 
dpamic  c h a r a c t e r i s t i c s  of  the airplane.  The r e s u l t s  of 
some of  these t e s t s ,  which a r e  r e w r t e d  i n  reference 9,  
are  given i n  f igures  3b t o  36. The i n l e t  p r o f i l e s ,  which 
are  shown i n  f igu res  34 and 36, a re  numbered i n  accordance 
with the i n l e t  designat ions given i n  reference 9. The 
e f f e c t  of  i n l e t  s i z e  and shape on the maximum l i f t  coef- 
f i c i e n t  of  t he  a i rp lane  i s  shown i n  f igure  34 ar,d the 
e f f e c t  of  l i f t  coe f f i c i en t  on the average t o t a l  pressure 
a t  the f ron t  o f  the r ad ia to r  behfnd- these same three 
i n l e t s  i s  given i n  f igure 35. Inaslnuch as t h e  i n l e t  
areas  were not  equal  f o r  211 the  ducts ,  the  i n l e t -  
ve loc i ty  r a t io s  were unequal a t  any p a r t i c u l a r  lift 
c o s f f i c i e n t ;  i t  i s  Selieved, however, t h a t  this difference 
w i l l  not  d e t r a c t  from the general  conclusions drawn 
from the m s u l - i s .  The highest  C h a x  w a s  obtained w i t h  

i n l e t  5 i n s t a l l e d  on both wings, but the  total-pressure 
recovery a t  the heat  excliarsger behind th i s  i n l e t  dropped 
o f f  very r ap id ly  above a l i f t  coe f f i c i en t  of 0.4. 
t h i s  i n l e t ,  the e i f f u s e r  and t h o  plane of the i n l e t  
openlng were inc l ined  f a r t h e r  downward f r o m  tha wing 
chord l i n e  th.an for i n l e t s  2 and 4. 
b e s t  over-al l  to ta l -pressure  recovery a t  the hea t  
exchanger; the maximixn l i f t  coe f f i c i en t  with t h i s  i n l e t  
i n s t a l l e d  on both wings, klowsver, was 0.07 lower enan f o r  

For 

I n l e t  4- gave the  



and over-al l  to ta l -pressure  Lmax 
h f e t  5 .  The l057QSt C 

recovery was xeasured f o r  i i r le t  2, fop which  the d i f f u s e r  
and the plans of the i n l e t  opening were most n e a r l y  
parallel. and perpendlcular,  respec t ive ly ,  t o  the wing 
chord l i n e .  Reference 9 shows t h a t ,  of the i n l e t s  
tes ted ,  the one g iv ing  the bes t  conipromise betw.een h igh  
pressure recoveries  a t  the h e a t  exchanger and 
s a t i s f a c t o r y  maxlmum-lift charac te r i s t j -cs  of the ducted 
wing had an uppes l i p  w f t h  a l a r g e  leading-edge rad ius  
confomlng ayproximately t o  the contour of  the o r i g i n a l  
wing, a l o v e r  l i p  c u t  back to. t u rn  the i n l e t  plane 
downwarli T O 0  t o  tke chord lLne, and a d i f f u s e r  i nc l ined  
approxtmately l o o  t o  tlie wing chord l i n e ,  

S t a l l  progressions and l i f t  d a t a  a re  g i v e n  i n  f i g -  
ure 36 f o r  t b re s  ser-y ilissizlzilar clw-ct i n l e t s  loca ted  i n  
the l e f t  wing cf a i rp l ane  16. These r e s u l t s  f u r t h e r  
emphasfze the e f f e c t s  on  maximum l i f t  c o e f f i c i e n t  o f  
l i p  vos i t i on ,  leading-edge radius ,  and d i f f u s e r  i nc l ina -  
t i on .  The h ighes t  C -  ( 1 . 3 1 )  waa obtained for 

i n l e t  7., which has the d i f f u s e r  i.iiclined downward 11' 
t o  the chord l i n e  and a l a rge  u-oaer-lip leading-cd e 
r ad ius ,  
f o r  izi let  1, f o r  which the  plane o f  the i n l e t  opening 
was mrpendici i lar  t o  the wing chord ILne. m l e t  6 was 
f i t t e d  w i t h  a f l a m e d  lower lip thmt could be ad jus ted  
t o  c r o v i d e  smooth e n t r v  o f  the a h -  f l o w  i n t o  the duct 
ove r  a wide range o f  angle o r  a t t a c k ;  f o r  t h i s  case, 

was st211 low (1,221, probably however, the C 

LnlaX 

The maximum l i f t  c o e f f i c i e n t  was on ly  1.2 8 

&ax 
because of the sha1.p leading-edge rad ius  of the upper 
l i p  

The e f f e c t s  o f  the l o c a t i o n  of wing-duct o u t l e t s  
on the maxfmum l E f t  and stall o f  a i rp lane  16 a re  shown 
i n  f i g w e  37. The maximum l i f t  c o e f f i c i e n t  o f  the a i r -  
plane v i a s  0.07 less w i t h  the outlet a t  the bottom of the 
wing than with the o u t l e t  a t  the top  of  the  wing. A 
w:ing-duct o u t l e t  loca ted  on the upper surface of a wing 
hss an advantage ovey a bottom o u t l e t ,  o the r  than g iv ing  
a h igher  maximum l i f t  c o e f f i c i e n t ,  inasmuch as the 
quarit i tv of a i r  flowing through the duct  automatical ly  
tends t o  be adjusted w i t h  angle of a t t a c k  because of 
the r e l a t i v e  increase with l i f t  s o e f f i c i e n t  o f  t he  
negative pressure a t  the o u t l e t .  



Total-pressure measiirements i n  the wing ducts  of 
a i rp l ane  2 with p rope l l e r  operat ing showed t h a t  the 
flow separated From the  1owe-L. l i p  of the i n l e t  of the 
l e f t  duct ,  e s p e c i a l l y  i n  the climbing condi t ion,  T h 4 s  
separa t ion  was proSaSly due t o  the s l i p s t  
which increased the e f f e c t i v e  angle of a t t a c k  
l e f t  duct  i n l e t  behlnd the upgoing prope1l.er b 
In addi t fon,  the i n l e t - v e l o c i t y  r a t i o s  were t o o  high 
and caused separa t ion  of' the i n t e r n a l  f l o w .  In order  
t o  remedy these d i f f i c u l t i e s ,  the i n l e t  a reas  of b o t h  
ducts  were increased and the plane of the i n l e t  opening 
o f  the l e f t  duct  was increased from l4O t o  2 9 O  as  shown 
i n  f igu re  38. The e f f e c t s  of  these modif icat ions on 
the maxima l i f t  c o e f f i c i e n t  o f  the a i r p l a e  w i t h  the 
p rope l l e r  removed and with landing f l a p s  and duct e x i t  
f l a p s  r e t r a c t e d  an3 t ieflected are also shown In  f i g -  
ure 38. V'JEth the landing S l s p a  and duct e x i t  f l a p s  
r e t r ac t ed ,  the C h  was  increased f rom 1.10 f o r  the 
o r i g i n a l  duct  i n s t a l l a t i o n  t o  1.26 f o r  the  modified 

e x i t  f l a p s  de f l ec t ed  41 , the Clka was Increased 
from 1.70 t o  1.43. 

ax 

ducts.  With the l and in  f l a p s  extended 450 and d u c t  

Airspeed heads.- The e f f e c t  on the  a i r  flow over 
the wings of  rjlacfng a i r speed  heads z t  the leading edges 
o f  the wings of two a i rp l anes  ( a i rp l anes  17 and 5 )  i s  
shown i n  f igu re  39 .  The a i r speed  head on a i rp lane  17 
was loca ted  d i r e c t l y  a t  the wing leading edge and 
r e s u l t e d  i n  a premature s t a l l  over the sec%ion o f  the 
wing behind the head. No e f f e c t  on the flow over the 
wing was observed f o r  Lhc airspeed-head i n s t a l l a t i o n  
on a i rp l ane  5.  This a i rspeed head was loca ted  on the  
lower surface o f  the wing and extended forward below 
the wing leading edge. 

Conparison of SplPt and S lo t t ed  Flaps 

An ana lys i s  was made of  the increments o f  l i f t  
coe f f f c i en t  contr ibuted by sp1i.t and s l o t t e d  f l a p s  
when i n s t a l l e d  on a i rp l anes  t o  a s c e r t a i n  whether these 
values could be predicted Ero:n r e s u l t s  of t e s t s  i n  
two-dimensional f low, Measured values o f  A C L ~  



obta2ned rroa t e s t s  o f  f laps i n s t a l l e d  on the airplanes 
and corresponding values of  B C L ~  computed Prom ava i l ab le  
two-dimensional data  f o r  simildr f l a p s  i n s t a l l e d  on 
smooth wings a re  conpared 2.n figures 40 and 41. The 
l i f t  increments due t o  the f l a p s  have beel? taken a t  
about 3 O  below tha stalling angle of t h o  wing with 
f l a p s  r e t r a c t e d  o r  de f l ec t ed  (whPch.e v e r  ,gave the lower 
v a l m s ) ,  inasmuch as these vslues have been fo-and t o  be 
m l a t f v e l y  independent af  t e s t  conditions such a s  
Reynalds number and wind-tunnel turbulence ( re ference  10). 
For comparlson, the two-dimensional lift da ta  have been 
evaluated for partial-span f l a p s  by %he methods presented 
3.n mf'emiice 2.1. 

Th@ measured walces of ACT+, for the s p l i t - f l a p  
I n s t a l l a t i o n s  showed good agreement i n  every  case w i t h  
t he  v a 1 . u ~ ~  computed fr8o.n two-drirrensioE91 da ta .  For the 
s 1 o t e e  d- f l .ap ins t a1 1 a t  i ons , liowe we r , tlze mc as ure d vaf ue s 
were, on the average, about 2.3 percesz-l; lower than the 
ca lcu la ted  values. !?he reasosi f o r  tke low vzil-nes o f  ACQ, 

obtai_n.ec! for the slotted-i'l-ap ins ta1lation:j  i s  probably 
tb9 d . i f f 8 c u l t i s s  enr?,ountered by rnanufa turers  i n  
r ' : r o d ~ ~ i r ~ t ~  s l o t  shapes of e f f i c i e n t  nerod;ynar~lc design. 
T e s t s  of' an EACA 23012 airfoil equipped with various 
arrangements of s lo t t ec i  f l a p s  ( re ference  12)  showed 
t h a t ,  Ln orader to obta in  51gh l f f t  Increnents,  the nose 
of  the f l a p  should be loca ted  sl.Lghtly ahead of  and 
below a slot l i p  that d i r e c t s  the a i r  downward over the 
flap, In adctition, in or er t o  obtain low val?nes of  
drag at m d e r n t e  lift c o e f f i c i e n t s ,  the nose of' the 
f l a p  should have a good iierod;p;trcfc fcrm t l ~ d  the? s l o t  
e n t r y  should. be of' such shape t h h t  no abrupt changes i n  
the afr-flow directi-on occur. 

In  order  t o  comp~~?e  wind-%uxnsl and fl?.gbt measure- 
nzents of' the maximum lift c o e f f i c i e n t  Gf cuz airpltins, 
s e v e r a l  f a c t o r s  must be considex,ed, Previous inves t iga-  
tions ( r e fe rences  1 3  and 14.1 ha.rrc shown t h a t  the rnaxfmmn 
l i f t  c o e f f f c i e n t s  obtained fa t e s t s  wfth changing angle 



of a t t a c k  were consZderab1-g higher than those obtained 
i n  t e s t s  in which t h e  fomesweremeasured w i t h  the angle 
o f  a t t a c k  fixsd. The di.fference i s  at tpl lxi ted t o  the 
lag in the separat ion tendency with changing angle of 
a t t a c k ,  

MaxTriium lift coe f f i c i en t s  obtafned i n  f l i g h t  and i n  
win? tunqels  should be compared a t  the same Reynolds 
nurnSer. Fer the n o r x a l  range of ful l -scale- turmel  and 
flight fiemolds nuxbers, the maximum l i f t  coeff i .c ients  
will increase with Ficpolds  nuxber, l n  order  t o  show 
the rnagnPtude o f  th.= Rewolds number e f f e c t ,  the vari- 
ation of  G h a ,  with Re-Golds rivmber has been p lo t t ed  
i n  f igure  4.2 for? se-reral  o f  the t;irplanes ( a i rp l anes  18, 
1.3, 4, and 16) a.nd SOY' an KACA 23012 wing. Except f o r  
the case of airplane 4, the / G k a  iricreased about 0.10 
f o r  each  Increase of 1 x l o o  in Reyriolds number. For  
a i rplane lc, whlck; has a wing with low-drag a i r f o i l  sec- 

Reynolds number was cons iderably  greater. 
t i ons  (NACA 66 s e r i e s ) ,  the increase i n  w i  tll 

P rope l l e r  operat lon,  even w i t 7 1  r':dling power applied, 
of an a i rp lane  %ax may also appreci-ably increase the C, 

Full-scale-tu.nnsl and f l i g h t  2eternicstTons of the 
maximuin lPft c m f f i c i a n t  of aE nfrg.lane have been shown 
t o  be, Sn ag-eenent  w',?eii t 4 s t s  vv~vsm rnaiie t : n d ~ r  s ini lar  
t e s t  coniiit9ors of' Reyxoids number, s l i p ~ t m a m ,  and 
time r a t e  o f  chmge o r  br@e of &Lack da, /c lc .  A s  an 
exarnp1e, re ference  i s  made  t o  corn;oaratfve f i i g h t  and 

of a i r -  f ul1- s c a l e  - t unne 1 me a sure Tilent s of the 

plane 18 ( reference 1 3 ) .  Special care  was taken i n  
th i s  case t o  reproduce the f l l g h t  t e s t  condi t ions in 

c4na7c 





3 .  The addi t ion  o f  fuselages and n a c e l l e s  t o  
wings f requent ly  introduces cen te r s  o f  l o c a l  seDaration 
and nay reduce the maximum l if t  c o e f f i c i e n t  i f  the wing- 
fuselage o r  wing-nacelles , jmctures  a re  not  al: 
f a i r e d .  

4. Deflection of the landing f l a p s  geilerally 
tended t o  "clean up" the inboard sec t ions  of a wing 
,..ad increased the upwash over the outer  unflapped 
por t ions  o f  th3 wing. 

5, P r o p e l l e r  operat ion w i l l  g ene ra l ly  increase 
the s e v e r i t y  o f  the s t a l l ,  e s p e c i a l l y  on single-engine 
a i rp l anes ,  by producing an asymmetrical s t a l l  p a t t e r n  
and by cleaning up the inboard sec t ions  o f  the wings. 

6 .  The rnax.imum l i f t  c o e f f i c i e n t  o f  an a i rp l ane  
may be anpreciably increased by the e l imina t ion  of 
wing surface rougbaess and air loakage through the 
win.gs , 

7 .  The de t r imznta l  e f f e c t s  of placing machine 
guns and cannon a t  the leadtng edge of a wing may be 
rediised considerably by n r o p e r l g  loca t ing  the g m s  i n  
the wings. Highest maxinun l i f t  c o e f f i c i e n t s  were 
measured for machine-gun i n s t a l l a t i o n s  i n  which the 
ends o f  the barri3ls W C Y C  f lu sh  with the wing surface 
a t  the leading edTe and s l i g h t l y  above t h e  wing chord 
l i n e  and f o r  cannon i n s t a l l a t i o n s  t h a t  were submerged 
i n  the wings. 

l i F s  oroperfy a l ined  with the flow a t  the leading edge 
of ths wing w i l l  g ene ra l ly  cause no reduction i n  the 
maximum l i f t  coe f f i c i en t  o f  an a i ro l ane ;  whereas 
s u b s t a n t i a l  decreases In the maxinium l i f t  coe f f i c i en t  
of  an a i rn lane  may be caused by ducts  w i t h  the i n l e t  
plane nerpendicular t o  the chord l i n e  and by i n l e t  
l i p s  iirlith small leading-edge r a d i i .  

3 .  Wing-duct j n l e t s  vdth well-cambered upner 

9 .  The increments of l i f t  coe f f i c i en t  contr ibuted 
Sg s p l i t  f l a p s  could be computed with s u f f i c i e n t  accuracy 
by the USE: of two-dimensional t e s t  d a t a ;  f o r  s l o t t e d  
f l a p s ,  however, the measured increnents  o f  l i f t  coe f f i -  
c i e n t  were, on the average, about 20 nercent  lower than 

c om 



those ca lcu la ted  from the avaflable  two-dimensional t e s t  
da t a .  These low values f o r  bke s l o t t s d  Flaps ape 
a t t r i b u t e d ,  mainly, t o  d i f f i c u l t i e s  encountered by 
manufacturers i n  produclng s l o t  shapes of‘ e f f i c i e n t  
aerodynamic design. 

19. In a s ing le  instance where g rea t  care was 
taken t o  reproduce the  t e s t  conditfons o f  Reynolds 
number, p rope l le r  operat ion,  and the time r a t e  o f  change 
of  angle of‘ a t t ack ,  s a t i s f a c t o r y  agreement o f  bhe 
maximum lift coeTficients  determined from fu l l - s ca l e -  
tunnel and f l i g h t  t e s t s  was, obtained. It i s  believed 
t h a t  equal ly  s a t i s f a c t o r y  agreement may be obtained with 
other  a i rp l anes  provided tha t  s u f f i c i e n t  care i s  taken t o  
reproduce the t e s t  condi t ions.  

Lnngle y Memorial ke ronaut  i c a l  Lahora t o r  y 
National Advisory Committee f o r  Aeronautics 

Langley T i o l d ,  Va,  ~ 
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F i g u r e  1 .- A i r p l a n e s  anti mock-ups.  
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Figure 1.- Continued. 
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AIRPLANE 9 
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AIRPLANE IO 

Fig. 1-Cont. 
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F i g u r e  1.- Continued. 
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Fig. 1-Con t .  
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(a) A i r p l a n e  I i n  f a i r e d  and  s ea l ed  c o n d i t i o n .  

( b l  A i r p l a n e  2 i n  s e r v i c e  c o n d i t i o n .  

F i g u r e  2 . -  A i r p l a n e s  a n d  mock-ups moun ted  f o r  
t e s t s  i n  L a n g l e y  f u l l - s c a l e  t u n n e l .  
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NACA ACR No. L5C24 CONF I DENT I AL Fig. . 2 c , d  

( c )  A i r p l a n e  3; c o m p l e t e  mock-up. 
e 

( d l  A i r p l a n e  4; c o m p l e t e  mock-up. 

F i g u r e  2 . -  C o n t i n u e d .  
CONFIDENT I AL . 
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( e l  A i r p l a n e  5 i n  s e r v i c e  c o n d i t i o n .  

( f )  A i r p l a n e  6 i n  s e r v i c e  c o n d i t i o n .  

F i g u r e  2 . -  C o n t i n u e d .  
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( g )  A i r p l a n e  7 i n '  s e r v i c e  c o n d i t i o n .  

I h )  A i r p l a n e  8 ;  p a r t i a l l y  f a i r e d  and  s e a l e d .  

F i g u r e  2 . -  C o n t i n u e d .  
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N A C A  ACR NO. L5C24 CONFIDENTIAL F i g .  21, j 

(if A i r p l a n e  9 i n  s e r v i c e  c o n d i t i o n .  

( j )  A i r p l a n e  10 i n  s e r v i c e  c o n d i t i o n .  

F i g u r e  2 .  - C o n t i n u e d .  
CON FI DENT1 AL 



N A C A  ACR N O ,  L5C24 CONFIDENTIAL F i g .  2k,l 

fk) A i r p l a n e  11 i n  s e r v i c e  c o n d i t i o n . ,  

F i g u r e  2 .  - C o n t i n u e d .  
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I m )  A i r p l a n e  13; c o m p l e t e  mock-up.! 

I n )  A i r p l a n e  1 4 ;  c o m p l e t e  mock-up. 

F i g u r e  2.- C o n t i n u e d .  
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( o f  A i r p l a n e  15; c o m p l e t e  mock-up. 

( p )  A i r p l a n e  16; c o m p l e t e  mock-up. 

F i g u r e  2 . -  C o n t i n u e d .  
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P I q I  A i r p l a n e  17 w i t h  r e v i s e d  can.opy. 

( r )  A i r p l a n e  18 i n  s e r v i c e  c o n d i t i o n .  

F i g u r e  2 . -  C o n c l u d e d .  

C O N F I D E N T I A L  
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Ffyure 17.- Effect of vurious machine- gun c(So-culiber) 
CONFIDENTIAL, 

installations on ,'he maximum hft coeffment 
of airplane / I .  
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CONFIDENTIAL Fig. 18 
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figure /d - Effect of vur~ous zo-nm.-ccmnon insfaf/af/ans on 
the mux/mum liff coefficient of a/rp/ane /I. 



N A C A  ACR N O *  L5C24 CONF I DENT I AL F i g s ,  19 ,  

F i g u r e  1 9 . -  F l u s h  m a c h i n e  guns  i n  h i g h  p o s i t i o n  
on l e f t  w i n g .  A i r p l a n e  11. 

F i g u r e  20. -  F l u s h  m a c h i n e  guns  i n  l o w  p o s i t i o n  
on r i g h t  w i n g .  A i r p l a n e  11. 
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N A C A  A C R  No. L5C24 CONFIDENTIAL F i g s .  21,22,23 

F i g u r e  21.- Two-inch b a r r e l  e x t e n s i o n  i n  h i g h  p o s i t i o n  on 
l e f t  w i n g .  A i r p l a n e  11. 

F i g u r e  22.- T e n - i n c h  b a r r e l  e x t e n s i o n  i n  l o w  p o s i t i o n  o n  
r i g h t  w i n g .  A i r p l a n e  11. 
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F i g u r e  23.-  E i g h t e e n - i n c h  b a r r e l  e x t e n s i o n  i n  low p o s i t i o n  
on r i g h t  w i n g .  A i r p l a n e  11. 

CONFIDENTIAL 
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Figure 24.- Underslung-cannon installation 1. 
Airplane 11. 

Figure 25.- Submerged-cannon installation. 
Airplane 11. 

CONFI DENT1 AI. 



NACA ACR No. C5C24 CONFIDENTIAL Fig. 26 

0 /O 20 30 ' 0  /O 20 30 

Angle o f  attuck, a? dig 

CONFIDENTIAL Smooth why Cannon /hsta//ed 
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on the leadng edge o f  the whg o f  u/i-p/ane 4. Approx. test 
ve/och'', 60 mph; 4 , 0 4 %fts on /eft ~ h y  on&. 
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N A C A  ACR No. L 5 C 2 4  C O N F I D E N T I A L  F i g .  2 8 a , b  

( a )  Wing gun c o v e r  p l a t e s  i n s t a l l e d .  

( b )  Wing gun c o v e r  p l a t e s  removed.  

F i g u r e  28.- Wing gun p o r t s  on a i r p l a n e  1. 
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f iqure 29.- Effect of win yun ports on the 
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OQnd S / U ~  kostu//afion, I DEN I A Modified s/at /nsta//ut/&n, 
/ondny gem extended h d n y  g e m  retrucred 

figure 30.- Ef f i c t  o f  s/at instuh'ution on the stdhny characteristics o f  

Cr/i;/une 7 

appox. test ve/ocity, 60 mph. 
Prop/hr  und tad surfaces removed; $,SO: 
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Figure 3/.-€ffect of slat installation on the aileron 
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' control characteristics of airp/ane 7. 
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Figure 33- Effect of slat fen tb andposit/on on the 
varrdion of Cm a n$ tx with lift coeflicient 
for airplane 9. 
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Fiyure 39.- Effect of Inlet size and shape on the 
maximum lift coefficient of awdane 16. 
Propeller removedj +,ooj bottom ouilet. 
Znlets installed on both w q s .  
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Figure 3L-€f fect  of lift coefficient on the 
avera e total pressure at the front 

. PropeMr removed, sf, 3" ; bottom outlet, 
airplane 16 

o f  th t? radiator behind inlets z, 4, and 5: 



/ 

NACA ACR No. L5C24 CONFIDENTIAL Fig. 36 

20.0 
A4 L4 

w 
\- 
Q LO .q A0 

\ 8 .6 .5 

.2 .a? 

0 /O 20 30 0 /O ZO 30 0 /o 20 37 
NATIONAL AOVISOIY 

COMMITTEE FOR AERONAUTICS 
Angle o f  uttuck, u, dey 

a 

&et I In/et 6 h / e t  7 
CON F I D E N  TI AL 

figure 36- Ef f i c t  of why - duct- inlet shape on the stu/hhg 
chamcter/;rtics o f  u/+Aane 16. h / e t  and tuffs on 
/eft  w/hy onh. Prope//er removed; 0; uyprar. 
test ve/acityl 60 mph. Outht ut h ~ .  o f  w/h? 
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Figure 38.- Effect of duct-inlet modifications on the of 
max 

airplane 2. Propeller removed; wing guns installed; 

approximate test velocity 60 mph. 
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t5yure 44.- Compar/son be fween f//yht and 
full-scale -funne/ mt7asuremeni.s o f  the 
mawmum /if t coefficient of a/rp/une /I.  
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